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INTERCARD PROGRAMMING 

for 
THE BENDIX G-15D COMPUTER 



X* Introduction 

Those notea aasurae that the reader ia familiar with the G-15D 
computer and with IBM card equipment. Necessary information for the 
use of the G-15D with a floating point interpretive a/atom ia' presented* 

Input ia from IBM card a via the IBM 523. Output io both IBM 
eardo via tho 5U punoh and line printing on tha IBM 402 printer. All 
input-output is 100 linea and/or cards per minute. 

Commands are written with alphabetic operation codes, nurnorio 
addresses, and alphanumeric commonta. An assembly program eonvorte 
those symbolic commanda to the proper binary machine language and punches 
binary cards. Programs are then run by reading tho binary program cards 
followod by the data cards into tho IBM 523 reader. Results are printed 
on the IBM 402 printer. 

This system is intended as a replacement for Intercom using high 
speed input-output via tho IBM card and printing devices. However, the 
interpretive routines are written in a very efficient canner and new 
commands added so that the computing speed will be about U times faster 
than Intercom. The overall capaoity of the G-15D will be increased 10 
to 20 times over that of the present mode of operation. 
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II* Data Input 

Data is prepared on the data sheets provided in either fixod 
or floating point. These are keypunched on IBM cards, 5 piocos of data 
to a card. The floating form is the base 50 rcsthod already in uso with 
Intercom on the G-15D and familiar to those who remsmbor the IE1 701. 
Tho first location must be punched on ovory card, blank number fioldo 
are not stored, and a zero is entered by writing one zoro as tho firot 
digit in the number field. If the signs are positive, they should be 
left blank, and it is not necessary to write trailing zeros in nusbor 
fields. Fixod point numbers may be positive or negative and have a 
maximum value of 99. These are written as a two digit number with the 
remainder of the field blank, (see the data sheet and cards). 
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III. Command Input 



a) Programs are writton Initially on code shoots. These are 
keypunched on IBM cards, one command to a card including 
comments. The codo usod is discusaod in detail in Soction IV. 
These are called the symbolic cards (see the code sheet and 
cards). 



b) 



Binary cards aro proparod by the Assembly projram. Oae 
channel of commands (approximately 100) aro punched on 9 
cards with a check sum. These can be read into the computer 
at execution time by the operator or by a stored command (see 
the binary cards). 
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IV« Programming 
a) Momory 

The interpreter and input-output routines occuoy long channels 
00— *06 and 4-word channels 20— *22. Whilo reading or punching 
binary cards, all of long channels 16 and 17 are used. While roading 
decimal data cards or printing decimal results, word3 00 — «^A9 of 
long channels 16 and 17 are used. While roading or writing on 
magnetic tapes long channel 19 and 4-word channel 23 are used. This 
leaves the following portions of memory available to the programmers 

Long Channels 07— *15 

Long Channels 16 & 17 (with IBM input-output exceptions) 

Long Channel 18 

Long Channel 19 (with mag.tape input-output exceptions) 

Certain registers located in the interpreter channel 06 are 
of intorest to the programmer and may be addressed by the programmer. 
These aret 

(0609) = Index Register 1 

(0610) = Indox Rogistor 2 

(0611) = Index Register 3 

(0612) = Print Rogistor 

(0613) = Control 1 RogisterjSingle (00) or Double (02) 

Spacing Print Control. 
(06U) = Control 2 Register; Production (00) or Checkout #0) 
Print Control. 

(0615) = Control 3 Register; End Job (00) or Fix-overflow #4 
Action Control. 

Those registers may be filled from cards by writing the correct 
locations on tho data sheots. The contents of those registers may 
also bo printed by addressing tho print command. The only other 
referonce to channels 00-06 pormitted by the assembly program is 
the use of tho out com-nond to channels 00-03. 

The "N" register used in indoxing and the AMQ register u3od in 
computing may also be addressed by tho programmer, These ore: 

(2D0O) = N Register 
(2400) = AMQ Rogistor 

Thore registers mny riot bo filled from dat»i cords find rny tv; t 
bo prlntsd oxecpt by storing thoir contents in a long channel. 
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b) The Code Sho.rt 

Col,l) An "x" in column 1 halts the card render. Thio normally 
indicatos to tho assembly program that this is tho lost 
card (END) of those to bo assembled. 

Col.24,25) These tvo columns aro loft blank except whore it ia 

nocossary to refer to a command with anothor command, 
Tlio assembly program assigns tho word locations by 
counting. Any two digits from 01-99 may be written 
without regard to the order or sequence of tho numbers* 

Col. 23-30) The two and three lottcr operation codes aro writton 

horo. Tvo lettor codes should be writton to the right, 
leaving Col. 23 blank. 

Col. 32-35) The four digit addross io written horo. The first two 
digits indicate the memory channel except when they aro 
blank. If tho first two digits aro blank, tho second 
two digits refer to anothor command having tho location 
(Col. 24,25) indicated by the latter two digits. For 
some oporations the address has a special moaning and 
these exceptions are all noted in the oporations section* 

Col. 37, 38) These two columns aro left blank except to indicate an 
indexed command and certain special uses explained in 
the operations section. If an entry is made, it should 
always appear as a two digit number. 

Col. 46- 63) Comments may be alphanumeric and up to 18 cliaracters 

(inside paper perforations) may bo U3ed including spaces. 
These ore not needed to assemble a program. 

Col. 70-74) This 5 digit sequence number is for the convonionce of 
the programmer and may be used to properly sort tho 
cards, insert commands, etc. These aro not needed to 
assemble a program and need not be in order for assembly. 
However, they are printed by tho assembly program. 
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o) Tho Assembly Program 

Tho assembly program roads tho symbolic cards as punched 
from tho codo shoots into tho G-15D. Locations are assigned 
beginning at tho addross of tho first card, tho origin card, and 
sequentially increased until onothor origin card is road into tho 
computer. On this first pass, a location table is prepared, and tho 
oporation codoo found from an oporation table. Simultaneously with 
card roading, tho images are written on magnetic tape 4, four carda 
to a record* Tho programmor nay instruct tho assembly program to 
ctort a now memory chonnol of codo at any time boforo tho previous 
channel i3 filled by an origin (pitO) command. If tho #IG is not 
written, tho noxt channel in soquenco and word zoro will be assumod 
by tho assembly program. Ifhon tho aocombly oncounters an EJD oper- 
ation codo with an M x M punchod in column 1, tho address in cor^idored 
to bo tho elocution tost address**, and tho first pass is terrxLnatod. 
Kognotic tape 4 will now re-vind to tho beginning of tho corrasndo 
rocovdod and Pas3 II begins tho IBM 402 listing, ono co!;^ond to a 
lino, while tho tapo i3 boing road simultaneously. Aftor all channels 
of coxOTonds have bcon listed, tho binary cards representing the 
machine language oquivalont will punch. 

All binary cards punched will bo road into tho computer 
by tho operator to verify tho fact that thoso are punchod correctly. 
If errors occur, tho cards can bo punchod a second time from magnetic 
tapo 3. 

Assembly tiro is oxnctly 50 cotnmands per minute, tho timo 
boing limited to 100 cards per minuto input and tho 100 line per minute 
listing opood. A schematic of Paso I and Pass II phases of tho assembly 
program ore shown in Figaros 1 and 2. 



* Location of the first command to bo oboyed upon loading. 



FIG. 1 A3315MDLY - PASS I 
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d) Opor-attono 

The operations preceded by on astorlRk (*) are Indexable. 
Those preceded by (/**) are indexable only if the index register 
contains a multiple of At 

1) Arithmetic s 

* RA Beset and Add. The addressed quantity is stored in the AKQ. 

» RS Roeot end Subtract. The addressed 1 quantity is stored, with 
it3 sign changed, in tho AKQ. 

* SR Sond Result. The (AMQ) is stored at the addressed location* 

* AD AT>i: Tho addressed quantity is added in floating point 

arithmetic to the (AMQ). Tho result is stored in the AMQ. 

* SU Subtract. The addressed quantity is subtracted in float- 

ing point arithmetic froa the (AKQ). The result is stored 
in the AKQ. 

* AP £dd jPositive. The absolute value of the addressed quantity 

is added in floating point orlthmotio to tho (AKQ). The 
result is storod in the AKQ. 

* SP Subtract Positive. The absolute valuo of the addressed 

quantity is subtracted in floating point arithmetic from 
the (AMQ). The result is stored in tho AKQ. 

* MI I^iltiplX. Tho (AKQ) is multiplied by tho addrosscd quantity 

in floating point arithmetic. Tho result is stored in tho 

AKQ. 

» DV DiVido. Tho (AKQ) is divided by the addressed quantity in 
floating point arithmetic. Tho rosult is stored in the AMQ. 

SQT SOuaro RooT. The square root of tho floating point number 
in the AKQ~is storod in tho AKQ. The address of this 
command must be blank. 



2) Fixed Point Arithmetic Eg 

XAD FiXod AM. Tho addressed quantity is added in fixed point 
arlthmotio to the (AKQ). The result is storod in tho AMQ. 

XSU FiXcd Subtract. Tho addressed quantity is subtracted in 
fixed point arithmetic from tho (AKQ). The result is 
stored in tho AKQ. 

XMT FiXod MultiplY. Tho (AKQ) is multiplied by tho first 8 

binary"bito of tho quantity in fixod point arithmetic. Tho 
rooult io shift loft 8 binary placo3 and stored in the AKQ. 
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3) Indexing 



a 



« 



LXR £oad IndoX Rogloter. Tho oddrosood quantity io stored in 
the index rogiotor indicated by tbo two digits in tho K 
field. If K & oo or blank, all three index resistors ere 
loaded fraa oonsocutive locations. Tho addressed first 
word location must be a multiple of U with a one remainder 
(i.e. 01,05,09 etc). 

LNR |iOad N Register. The addressed quantity is stored in the N 
rogiotor. 

IXR Increase IndeX Register. The index register indicated 
by K is increased by the incresont in the address field. 

IXR Increase IndeX. Register and N, Test. The Index register 

Indicated by K is increased by the increment in the address 
field. This value is thon compared to the contests of tho 
N register. If the values are not equal, calculations pro- 
ceed. If the values are equal, the index registor is set 
to zero and calculations proceed. This cexsand will pre- 
vent a transfer if the next oomaand in sequence is TXH and 
the values are equal. 
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4) Logical Control 

U* TXH Transfer if IndeX not equal to N Register. Transfer con- 
trol to the addressed location if tho index was not equal 
to N on the previous coasnand. This command cast follow 
the IXN command. 

U* TRA TRAnsfer. Control is unconditionally troaaferred to the 
oddressed location. 

4» TMA Transfer and Mark £. Control is unconditionally trans- 
ferred to the""addro3aed location and the location of tho 
noxt command is marked for use in a return co osan d. 

A* TMB transfer and Mark g. Same as TMA to permit two Barked 
places A o™* S for two levels of sub-routines. 

U* TZ3 Transfer if ZEro. Sane a3 TRA if the (AKQ) ■ 0. If 
(AMQ)4 calculations proceed. 

U* TPL Transfer is Plus. Same as TRA if the (AMQ) ■ (•*■). If 
TAKQ) = (-) calculations proceed. 

TTJ9 Tjransfer if Tape Operating, Same as TRA if a cagnetlo 
tape i3 in operation. If no tape is in operation, cal- 
culations proceed. 

Ted Transfer if Card Operating. Sane as TRA if XEM cards or 
402 printer is operating. If no card equipment is oper- 
ating, calculations proceed. 

TSS Transfer if Sense Switch on. Sane as TRA if tho sense 
switch is onT If the sense switch is off, calculations 
proceed. 

&JT Transfer CUT of the Interpreter. Control is transferred to 
the addro3sed location in p-china lan*un<?e . OCT 0000 nay 
bo used to end a job. 

RMA Return to fork A, Control is returned to tho location 

carkod by the TMA cczmand. The address of this ccsr-and cast 
be blank. 

RMB Roturn to Mark S» Control is returnod to tho location 
narked by the TMB command. The address of this oomaaud 
must be blank. 
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5) Block 

PDt Ercceaa £ata Lino. Tho addreaood lino is proeasocd atart- 
injj at word location soro. Word coro is dootroycd and tho 
addressed word is tho loot one changed, Tho AKQ is unaf- 
fected. 

PDA £rocoso Eata & Load £T*Q. Tho addressed lino is processed 
ctartlnj at word location coro. Word soro is doQt'.'oycd 
and tho addressed word io tho la3t one changed. Tho con- 
tonta of tho addreaood location prior to precession io 
stored in tho AKQ. 

CDL Copy £ata &ino. A blook of data ia copied frca tho lino 
indicatod by tho address to tho lino indicated by tho two 
dicita in tho K field. The block copied starts at wcrd 
soro and continues through the oddrossod word, this being 
the last word copied. 

GLL Copy £.ino to 2jine. The entire lino indicatod by tho address 
is block copied to tho line indicatod by tho two digits In 
tho K field, 

CAL Copy ^KQ to £ino. Tho (AM3) is blook oopied to osoh word 
of the addressed line starting in word soro. Tho addressed 
location is tho last word copied. 
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6) Card Incut 

The exocution of any card input command is automatically 
delayed until the previous card or print operation ia com- 
pleted. The address of these commands must be blank* 

RBC Read Binary £ards. Nine (9) binary cards are read into 
channel 17. If the cards being read are binary proftrarn 
decks prepared by the assembly program, the check sum 
is computed and compared with that on the cards. If no 
error occurs, channel 17 is moved to the proper program 
channel and the next binary deck of 9 cards is read .This 
process automatically continues until the last program 
dock is loaded into the memory. Automatic computation 
then starts at the location specified by the address of 
the END command. 

If the cards being read are frl nary data, ten (10) cards 
are read. The first card is the binary data control card. 
The last 9 cards containing the information ere read into 
channel 17 and the chock sum is computed. If no error 
occurs computations resume with the next command. All of 
channels 16 and 17 are used by this command. 

RBP gead Binary Cards and Proceed. Nine (9) binary cards are 
read into channel 17 and computing proceeds simultaneously. 
All of channels 16 and 17 are used by this command* 

EDO £ead Data Cards. Decimal data cards are road, converted 
to binary and stored at the memory locations given on ths 
cards. Card reading continues until the last card, indi- 
cated by an N x" punch in column 1, has boon read and stored 
in the memory. Computations then resume with the noxt 
oommand. Words 00 — *A9 of channels 16 and 17 are used by 
this command. 
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7) Card Output 

Tho execution of a ££t£ <£!£l£l£ ( ro *0 coE^and io no& auto- 
matically delayod if tho previous card or print operation io 
in progress. For this roason the (PUN) cossuind should bo pre- 
ceded by the card operation halt (ELC) cosaand if thore is any 
possibility that the previous oard operation is still in 
progress, 

PON PUUch Binary Cardo. The addreoocd line io chock rasznod 
and thon punched on nine (9) binary cards, pcnmtinrt 
procoeds while the cards are boinrr punched . All of 
channels 16 and 17 are used by this cosaand. 

HUB Ea&t if C>rd coupler is in Operation. Conputin& is halted 
until the previous card or print operation is completed. 
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8) Prlntod Output 



The execution of any print command is automatically dolayod 
until the previous card or print operation is completed. Words 
00 — >49 of channels 16 and 17 are used* 

PHT PRinT. IBM 402 printing starts at the addressed looatlon. 
Four (A) numbers are printed on a lino and soroo print as 
blanks. Mixed fields of both floating and fixed point 
numbers* are printed with the signs following tho numbers. 
If the K field on tho code sheet is blank, the number of 
words printed is controlled by the print regie tor (0612). 
An entry in tho K field oven* ides the print register and 
determines the numbor of words to be printed. The contents 
of the print register is unchanged. A complete line is 
always printed and computing p roceed s while the last line 
is being printed . 

PRO JzKint if Checkout. Printing occurs exactly as above during 
checkout runs. This command is ignored on production runs, 

REP REstore £apor. The 402 paper is rostored to a point just 
below a perforation to permit hole punching for a 3-ring 
binder. The address of this command must bo blank. Com- 
puting proceeds while tho paper is being restored. 



SPP SPace Paper. The 402 paper is spaced two lines. The 
address of this command must b« blank. Computing pro- 
ceeds while the paper is being spaced. 
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9) Magnetic Tap^3 

Magnotic Tapes 2,3, and U ore nvciloblo to tho programmer. 
Tapo 1 io tho library tapo and is normally read only at the 
beginning of a problem If system programs aro roquired from tho 
library routines, Tho file protection switch avoids accidental 
destruction of Tapo 1 information, Tapos do not erase old 
information vhon writing now information. Control cards aro pro- 
vided to automatically position tho tapos to be used to a blank 
section of tape. Those aro placed in front of the binary pro- 
gran cards and become part of the program dock, 

WRT iSito £apo. Channel 19 is rocordod on the addrossod tapo. 
Computing proceeds and channels 19 and 23 are used while 
rocording, 

RDT £ooD Tapo. Tho addrossod tapo io road into channel 19* 
Computing procood3 and channels 19 and 23 are used while 
rooding, 

BSX Back gpoco Tape, Tho addrossod tape is backspaced 1 

block. Computing procood3 and channels 19 and 23 aro used 
whilo backspacing. The previous contents of channels 19 
and 23 are destroyed , 

EFT gad of File Tope. A file mark io written on tho addressed 
tapo. Computing procoods but channels 19 and 23 aro nqfr 
used. 

SFT goarch forward Tape. Tho cddro3sed tcpe is coarched for- 
ward at high speed, stopping when a file mark is found. 
Computing proceeds whilo tope is searching but channels 19 
and 23 are no& used. 

SEP goarch Pac'cward Tapo. Tho addrossod tape io searched reverse 
at high cpood, stopping vhon a file mark is found. Tho 
reading head stops in f ront of tho filo mark. For this 
reason a coarch forward (SV?) command is nocoasary baforo 
reading the first block in tho filo. Computing procoods 
while ooarching but channels 19 and 23 aro no& used. 

HI/T JTaLt if Tapo 0p3rating, Computing is haltod if a tapo is 
in operation. As soon sa the tapo operation is completed, 
the computor remains halted for tho additional number of 
drum cycles indicatod by the address of this command. (Bee 
Table I). After this delay, operation automatically resumes 
with tho next command. 

STT STop Tapo Motion. This command stops any tope oporation which 
may bo in progress. Computing proceeds and channols 19 and 23 
aro pot used, Tho address of this cotmiand must be blank* 
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Table I) Delay Times for Magnetic Tapes 



Command 
which must 
be delayed 




Required Delay Following 


WRT 


EFT 


RDT . BST 


SFT. SET 


WRT 











8 


EFT 


u 








8 


RDT 
BST 


u 


u 





8 


SFT 
SET 


u 


4 


o 


l ° 



Notet Table I applies if the previous tape command referred to the 
same tape as the command being delayed. Zero cyoles are re- 
quired if a new tape is referred to by a command. The inter- 
vening HLT however is still required because 2 tapes cannot operate 
simultaneously. 

Other Notes on the Use of Magnetic Tapes 

1) A non-zero piece of data must appear in one of the four locations 
1900, 1901, 1902 or 1903 before writing L19 on tape. 

2) An HLT command with delay may be followed by at least U or 8 
instructions in lieu of the A or 8 cyclos delay required by the 
above table. This makes use of the delay time to compute, 

3) A block of tape reads or writes in approximately 2 seoonds. 
Between 4.0 and 80 commands can be executed during this time inter- 
val. The TT0 command provides for iterative loop executions for 
the full tape operating time. If this is dono the HLT command is 
otill required before the noxt tape operation. The TT0 command may 
be followed by at least U or 8 commands in lieu of the HLT delay 
from the table. 

U) Searching speed is approximately 8 time3 faster than the read- 
write speed. The search time is approximately 0,25 seconds per 
block. 

5) Line 19 is cleared by WRT, and L19 cannot be reforred to by another 
command while writing or reading until the process is completed. 

6) After an EFT command, an SBT oommand may or may not detect the file 
mark Just written. To insure that a backward search is initiated, usei 



EFT 
HLT 



| Writes file mark and delays 4. cycles 

S8T j Insures search over mark just written 
STT J 



SET 



Searches back to previous mark. 
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•) Machine Language Subroutings 

Machine language subroutines are available on binary cards for 
tho required elementary functions. Some of tho commonly usod 
routinoa aro written and are available on file, Nomonic operation 
codoa are accepted by the a33einbly program for convenience. The 
programmer may elect to place a package of subroutines in channel 
19 if magnetic tapes are not used. However, if a magnetic tape 
operation la to take place, core must bo exorcised to preserve tho 
subroutine and place it back into channel 19 for further. use. These 
routines use channel 23 for temporary working spaco. 

1) Trigonometric Package. . This package is available for radian 
arguments. Tho number of circles is dofined as tho number of 
revolutions subtracted from tho argument to reduce the angle 
to le33 than 2TY radlens. 

SIN The sine of the floating argument in tho AMQ is stored 
in the AMQ. Tho number of circles is stored os a fixod 
point number in 2300. The address of this coranand must 
bo blank. 

C^S The cosino of the floating argument in the AMQ is stored 
in tho AMQ. Tho number of circles i3 stored as a fixed 
point number in 2300. The address of this comnand must 
bo blank. 

ART Tho inverse tangent of tho floating argument in the AMQ 
is stored in the AMQ. The address of this command must 
bo blank. 

2) Logarithmic Packago . This package is available for log basos 
2,10 end o. 

Lfife The logarithm (power to which base mu3t bo raised to equal 
the arguraont) of tho floating argument in the AMQ is 3tored 
in tho AMQ. The address of this command mu3t bo blank. 

EXP Tho exponential (baso raised to tho argumont powor) of tho 
floating argument in the AMQ is stored in the AMQ. The 
address of this command must bo blank. 
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V # Tlrolnt? 

A very good approximation to the time required to assemble a problem 
is given by i 

t = -£— + 1 (min) 

where i is the total number of commands to be assembled* 

The time required to run a problem can be approximated byi 

4. i P + . x 

t h + , r + -t (Bin) 

1200 100 1 v ' 

where i = total number of commands to be executed 
c « number of cards to be read 
p = number of lines to be printed 

For more accurate timing, the charts that follow provide cycle tinos 
for each operation, (a drum cycle on the G-15D is .0295 sec). Accooa 
tine to tho cossands is not included in the charts. For avoraso accoco, 
0.25 cycles must be added for each command executed. Corsiand access coy 
bo accurately timed by consideration of the method used by tho interpreter* 
Four commands are copied into channel 22 by a TRA command. This requires 1 
cycle if the 4-word group begins with a word location in the range 00-88. 
The 4-word groups above 92 require 2 cycles. The conditional trancfero 
copy the 4-word group to channel 21 and then test the condition. If the 
condition Is met. channel 21 is moved to channel 22 affecting tho transfer. 
A conditional transfer takes place in 1 cycle if the 4-word group begins 
with a word location in the range shewn In the tables. For any transfer 
operation for which an actual transfer is ef footed, access to the first 
four commands that follow is zero. However all subsequent 4-word groups 
Bust be charged with 1 cycle for access. 



1) Arithmetic & Indexing Operatd ons 
a) Operations requiring access time 
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The range in the table is defined as the word time of the effective 
address of the command. Average cycles are for random access. 




P 

R 


Range for 1 
cycle access 


Execution Cycles 


Total 
Average Cycles 


Not 
Indexed 


Indexed 


Not 
Indexed 


Indexed 


RA 


0-93 


20-93 





1.06 

1.09 
1.03 


1.26 

1.29 
1.23 


HS 


0-90 


20-90 


SR 


0-96 


20-96 


AD 


0-85 


20-85 


If either number zero 

1 Normally 

(see note l) 


2.1U 
2.16 

2.15 

2.19 


2.3U 
2.36 

2.35 

2.39 


SU 


0-83 


20-83 


AP 


0-8U 


20-8U 


SP 


0-80 


20-80 


MY 


0-91 


20-91 


If either number zero 

1 Normally 


2.08 
2.10 


2.28 
2.30 


DV 


0-89 


20-89 


LNR 


0-70 


20-70 





1.29 


1.U9 


XAD 


O-Ul 





1.58 
1.56 
1.78 

1.93 
1.91 
1.95 
1.92 


xsu 


0-1*3 


XMY 


0-19 


rat 


XI 0-06 


X2 0-08 


X3 0-OU 


All 01" or 05 


PDL 


0-96 





1.03 

1.06 
1.03 


PDA 


0-93 


CDL 


0-96 


CAL 


0-96 


1.03 



N0TB1). 



If the difference in the magnitudes of the numbers is greater than 
2 17, one additional cycle is required. Also if more than 5 leading 
binary zeros are introduced in the fraction by differencing two 
numbers of equal magnitude; one additional cycle is required. R Nogl 

5/17/60 



b ) Operations requiring no access time 
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0PR 


FIXED* CYCLE TIME 


SQT 


2 


hr 


ECN 


CLL 



2) Transfer Operations 

a ) Operations requiring access time 



TXN 



TRA 



TMA 



TMB 

TZE 
TPL 



TT0 



TC0 



TSS 



Range for 1 
Cycle Access 



0-76 



Not 
Indexed \ Indexed 



0-88 



0-68 



0-61* 



0-72 



20-76 



Execution Cycles 



20-88 



20-68 



20-61* 



20-72 



0-68 



0-56 
0-52 



0-1*1* 



20-68 



DO NOT 
INDEX 



b) Operations requiring no access time 



Total 
Average Cycles 



Not 
Indexed 



1.20 



1.08 



1.28 



1.32 



1.21* 



1.28 



1.1*0 



1.1*1* 



1.52 



Indexed 



1.1*0 



1.28 



1.1*8 



1.52 



1.1*1* 



1.1*8 



DO NOT 
INDEX 



J 



0FR 



jZfUT 



RMA 



FIXED CYCLE TIME 



RMB 



R. G. Noel 
5/17/60 
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3 ) Input Output Via Card Coupler 
a) Card Input-Output 



#>R 


FIXED CYCLE TIME 


CARD CYCLE TIME 


RBC 


U 


180 (9 cards) 


RDC 


50 


20/card 


RBP 


U 


Simultaneous with 
computing. (220 for 
9 cards) 


PUN 



b) Printin g 



j(PR 


FIXED CYCLE TIME 


LINE CYCLE TIME 


PRT 


50 


20/lino. Last line 
simultaneous with 
computing. 


PRO 


REP | 


A 


Paper is positioned 
simultaneously with 
computing. 


SPP 



c) Card Coupler Te3t 



0PR 


FIXED CYCLE TIME 


DELAY TIME 


HLC 


1 


Waits until previous 
card or print operation 
is completed. 
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A ) Magnetic Tapes 

*') Read ing an d Writ in g 



#?R 


FIXED CYCLE TIME 


DATA TRANSMISSION 
TIME 


WRT 


1 


Simultaneous with com- 
puting. Approximately 
67 cycles for a channel 
of 106 words. 


RET 


BST 



b) JSflftTfthing. 



p?R 



SFT 



SBT 



FIXED CYCLE TIME 



SEARCH TIME 



Simultaneous with 
computing. Approxi- 
mately 12 cycles/channel 



o) -I»P_e Jlontrgl 



0PR 


FIXED CYCLE TIME 


EXECUTION TIME 


EFT 


1 





STT 


1 


Tope motion stops sim- 
ultaneously with com- 
puting. 



d) Tape Test 





fm 


FIXED CYCLE TIME 


DELAY TIME 




HLT 


1 


Waits until previous 
tnpe operation 1ms 
complotod + tho number 
of cycles in the address 
field of thin command. 



5) Elementary Functions 
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#PR 



FIXED CYCLE TIKES 



SIN 
Cffe 
L0Q 



1 for arg. ■ 
3 for owall arg* 
5 normally 



.HE. 



ART 



6 if org 

7 If arg 
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**• Computer Operation 

The chart in the following page presents a flow diagram for 0007 
reference when operating the computer. Chockout, production end assembly 
runs are all loodod the same way. If the sense switch is to be turned 
on, the PUNCH switch on tho typewriter base should be set to the left* 
For assembly the card punch must be connected to the CA-2 with cards 
cycled into the hopper and magnetic tapes* 3, and A must be turned on* 
The execution of some operations which produce non-admissable results 
will cause the computer to ring bells continuously* These ere! 



pK 



AD 

AP 
SU 
SP 



XAD 

xsu 

XMJf 



DV 



SIN 
C05 

EXP 



Ljfc 



CAUSE OF TROUBLE 



Overflow* 
Underflow* 



Overflow* 



Overflow* 
Underflow* 
Division by zero 



L 



RDC 



Argument too large 



Argument = or (-) 



Intercard channels 00 — ^>06 do 
not chock sum. _ 



If balls ring, or if the computer stops for any other reason, the DEBUG 
procedure will effect a print-out on the 402 with sufficient information 
to detect the error. 



• If (0615) is aero, bells ring. If (0615) •£ 0, fixes overflow and continue*. 
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cjt: 


JO, 


JSJ'JMSSL 






1652 


Gil, 










CH 2 


i 


16?6 


ttl 






AT'Q 






fit 


1660 


rn 






XI 






YJ 


1664 


ciiam 






C1 




C2 


C3 



CHWW« 



CHWM- 



Location of last command oboycd. This will print 2222 if tho 
interpreter 4 word channel 22 is destroyed or if tho computer 
is stopped in tho middle of printing. 



Location of lost transfer and Cork A (TMA). 
if no TMA command vno executed. 



This will print 0404, 



NR 

AMQ 



Contents of the N register = (2000) 

Contents of tho AMQ register * (2400). If overflow or underflow 
or divide chock occurs, the contents in the AMQ will bet 



m 


Nuitip"M*nrid 


DV 


Dividend 


AD 


absolute largest 
of the numbers 
being addod. 


AP 


SU 


SP 


SIN 


Argument 


CC3 


AT.T 


U9 


XMY 


Garbage 


XAD 


" XSU 


EXP 



SS s Sonse switch status; 00 if off, 01 if on. 
$J = Overflow indicator; 00 if underflow, 8934028 if overflow. 
PR ts Contents of tho Print R egister = (0612) 
X1,X2,E3 * Contents of the Ihdox Register * (0609), (0610) & (0611) 

CKSUM = Channel 00—>06 status; 00 if checksum- o.k,, =££> if noto.k. 
C1,C2,C3 ■ Contents and tho Control Register » (0613), (0614) & (0615) 
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OPERATING CHAM?. 



In tho charts below $FF and G0 refer to the compute switch on the typewriter 
base. Underscored lower case letters moon to type those letters with the Enable 
switoh on, 

a) , , To I^ AD a . J ob And -run ; ; 



b) To RESTORE Intercard 



Pi P. <# 



fails 



Compute Switch 

¥>FF 

V 



paper tape reads 
bell 



r tape n 



ecf, GO" 



1 bell 



Cycle Cardo 
into IBM 523 



Compute Switch 
0FF and 



!1 bell indicates that the 
Intercard routines are stored 
correctly on the drum. 



523 Reads B inary Cards 



c) To DEBUG a .Job 



Compute Switct 



P. G0 



paper tape reads 



V 
A02 prints debug Information 



The paper tape alwaya backspaces itEelf, It is never necessary for 
the operator to manually rewind the paper tape. 
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TABLE II OPERATIONS _____ 



•RA 


Rooot & Add 


Arithmetic 


•RS 


Roaot & Subtract 




»SR 


Sond Rooult 




"AD 


AM 




«SU 


SUbtrnct 




»AP 


Add Positive 




«SP 
«MY 
«DV 


Subtract Positive 
KultiplY " 
mVido 




SQT 


SOuaro RooT 





XAD FiXod API Fiind Poln^ 

XSU FiXcd Subtract 
XMY FiXcd KultiplY 



Inflo:dLn<? 
LXR Load IndoX Rogiotor 

•LHR Jfiad N Rocistor 

IXR Increase IndoX Rogiotor 

IXN Increase IndoX & Compare to N 



Logic a l Control 

A* TXN Tranofor if IndoS not equal to fl 

U* TRA TRAnsfor 

I* TMA Transfer and fork A. 

4» ?MB Transfer and Kark B 

U* xZ2 Transfer if 7-Eco 

l» TPL Transfor if PLus 

TT0 Transfer if Tapo Operating 

TC0 Jranafor if Cards £porating 

TSS Tx'onofor if Sonao Switch on 

0ZJT Transfer £UT of the Intorpretor 

RHA Rotum toVarfc A 

RMB Return to Kark B 



PDL Prccoss Data Lino &2S& 

PDA £recoo3 Data & Load AMQ 

CDL Copy Data Jjino 

CLL Copy Lino to Lino 

CAL Copy AKQ to Lino 



Card Inpnt-Ontmfc 

REC Read Binary Card3 

RDP Read Binary Cards & £rocoed 

RDC goad Data Cardo 

FJN Punch Binary Cards 

BXC HaT.t if Card Coupler Operating 

PRT I RinT 

PRO Kint if Checkout 

REP RRatoro Papor 

SPP S Paco Papor 

WRT WRitc Tapo *~- b i u ^ — 

RDT iicaD Tapo 

EFT Pnd"Vf Filo Tapo 

BST Back Spaco Tapo 

SFT Soorch Forvard.Tapo 

SBT Soarch Bac!a;ard Tapo 

BLT HaLt if "Tapo ^porating & Dolay 

STT £Top Tapo Motion 



*Indoj:ablo U* Indoxable in Eultlploc of U. 



